The EEG and neuroimaging in the management of the epilepsies N V O'Donohoe Diagnosis Lennox wrote that 'every fresh case of epilepsy is an undiagnosed one'.1 Epilepsy is a recurring disorder of brain function in which seizures, which may be convulsive or non-convulsive, partial or generalised, are the presenting symptoms. The diagnostic pathway from the complaint of seizures to the verification of epilepsy may be a difficult one. It is essential that misdiagnosis be avoided, recognising that by no means all children with paroxysmal events, spells, or 'funny turns' are suffering from epilepsy.2 3 Apart from the need of a correct diagnosis, the other important diagnostic considerations are seizure diagnosis, that is categorisation of the type or types of seizures occurring; aetiological diagnosis, recognising that it is now possible to identify pathological, genetic, and biochemical abnormalities in a growing number of cases; and syndrome diagnosis, which consists of the identification of a particular epileptic syndrome, if one can be delineated. 4 The cornerstones of diagnosis in all instances reside, as they have always done, in careful history taking and physical examination. 5 The EEG and the classification of the epilepsies Seizures, either generalised or partial, are the clinical events which draw attention to the existence of various epilepsies and epileptic syndromes. The EEG can be extremely valuable in making a precise diagnosis of the type of epilepsy that is present. In primary or idiopathic generalised epilepsies, both ictal and interictal discharges are generalised. The classical 3 Hz spike-wave discharges seen interictally and during the absences of childhood absence epilepsy (true petit mal) are typical and represent the electrographic marker of the inherited predisposition to epilepsy. Equally important in such an EEG is the presence of a normal background activity. Symptomatic generalised epilepsies, on the other hand, usually show a diffuse abnormality of the background rhythm, reflecting the generalised cerebral pathology, and interictal and ictal discharges are of varied morphology.
In primary partial epilepsies as, for example, in the common benign partial epilepsy with centrotemporal (rolandic) spike discharges, the location and morphology of the spikes are usually typical and, again, the background activity is normal. Symptomatic partial epilepsies are characterised by the presence of focal discharges, both at seizure onset and in the interictal state has important implications for higher cortical function in epilepsy, influences the natural history and the response to treatment of the disorder, and is closely linked to outcome and the possibility of remission, it should be carefully considered in each case. The EEG is of value for identifying particular epileptic syndromes (for example infantile spasms, Lennox-Gastaut syndrome) with consequent implications for management and prognosis. Specific EEG patterns of abnormality are seen in subacute sclerosing panencephalitis, 13 Batten's disease,'4 lissencephaly,'5 and the happy puppet syndrome of Angelman,'6 in all of which clinical epilepsy may occur.
The EEG and clinical management: choice of drugs The EEG can assist in the choice of drugs for treating particular epilepsies but only to a very limited extent. Perhaps only in childhood absence epilepsy with classical 3 Hz spike-wave discharges does the EEG dictate the use of ethosuximide or sodium valproate or now, in resistant cases, a trial of lamotrigine. '7 Contrariwise, typical or atypical spike-wave patterns in children with other types of absence seizure may prohibit the use of carbamazepine which can cause an exacerbation of epilepsy in these seizure disorders. '8 Ongoing management The EEG is of limited value as a reflection of clinical improvement in epilepsy, except perhaps in some of the primary generalised epilepsies, where clinical and EEG improvement may coincide. In the most common epileptic syndrome of schoolchildren (benign partial epilepsy with centrotemporal spikes), the frequency of the discharge bears no relationship to the severity or otherwise of the clinical epilepsy and EEG discharges may persist long after clinical remission has occurred. Furthermore, there is considerable diurnal and nocturnal variability in the EEG and a 30 minute recording provides only a brief window depicting the physiological state of the brain at that time.8 The widespread misconception that the EEG will provide the clinician with information about the state of the patient's epilepsy leads to unnecessary requests for repeat EEG examinations, thereby adding to the burdens of EEG departments. Neither annual nor other periodic 'routine' EEGs add much to patient assessment, which should remain predominantly a clinical exercise. However, if there has been a clear cut recent deterioration in the clinical state, and this is particularly true of a chronic epilepsy, evidence of associated marked deterioration in the EEG may point to the need for a thorough review of the case and its management and perhaps the need for additional investigations.
Withdrawing treatment
Clinical considerations should also determine decisions about withdrawing medication and these should include knowledge about the natural history of the particular epilepsy and the possibility ofremission. There is an unquestionable correlation between individual epileptic syndromes and the success or failure of drug treatment. Primary generalised epilepsies do best while those epilepsies characterised by secondary partial seizures, particularly complex partial seizures, and cases with multiple seizure types, fare worst. In some syndromes, the EEG remains abnormal long after clinical remission has occurred. The example of benign partial epilepsy with centrotemporal spikes has been given. On the other hand, a normal EEG during treatment of juvenile myoclonic epilepsy, in which the propensity to seizures and the consequent need for antiepileptic drugs are life long, should not be used as an argument for stopping treatment. 24 The EEG is not a guide to treatment or prognosis and should certainly not be undertaken after the initial convulsion. Bilateral slow wave changes will usually be present after the majority of attacks and will persist for some days. Focal or asymmetrical slowing may be found after more prolonged seizures. Reversion of the EEG to normal is the rule. A problem arises in children with repeated febrile convulsions and in whom reassurance for parents may be an issue. Again, the record will nearly always be normal or may occasionally show spike-wave paroxysms, particularly in rather older children during drowsiness. This latter finding should be regarded as an expression of a genetic predisposition to epilepsy and certainly not as an indication that epilepsy will develop in an individual patient.5 However, it should be remembered that seizures are sometimes provoked by fever in children who have genuine epilepsy. In these, the EEG will usually show unequivocal and frequent epileptic abnormalities.
EEG abnormalities in normal children
It is important that paediatricians should be aware that epileptiform discharges may be found in about 3% of normal children7 25 and in up to a quarter of healthy siblings of children with benign partial epilepsy. These discharges are similar to those which occur in benign partial epilepsy, are predominantly mid-temporal and centrotemporal in situation, and vary in intensity and location from time to time, including moving from side to side. Unfortunately, a folklore has grown up over many years in connection with these fortuitous findings and terms such as 'masked epilepsy' and 'epileptic equivalents' have been used. Children with a variety of non-epileptic complaints such as behaviour problems, syncopal episodes, night terrors, headache, abdominal pain, tics, so-called minimal brain damage, specific or general (including attentional) learning difficulties, etc, have been subjected to unnecessary antiepileptic medication and their parents made anxious about possible epilepsy.2 Using the EEG to decide whether a patient's symptoms are epileptic or psychogenic or due to some non-cerebral cause such as syncope is an improper use of the investigation and can be misleading. A single normal EEG is not evidence against epilepsy nor is the finding of epileptiform discharges in the EEG evidence that the patient's symptoms are necessarily epileptic in nature. The recognition of the epileptic nature of any symptoms or group of symptoms is a clinical task predominantly and should remain so.26
Advent of neuroimaging During the past 25 years, the advent of neuroimaging techniques has revolutionised neurology, neuroradiology, and neurosurgery. In the evaluation and management of epilepsy, computed tomography and magnetic resonance imaging (MRI) now complement the electrophysiological information provided in the EEG by identifying structural brain disease which may be causally related to the development of seizures. At present, computed tomography is much more widely available and also less expensive than MRI and this situation is unlikely to change in the immediate future.
Computed tomography and epilepsy A relatively early computed tomography study of children with all types of seizures revealed an overall incidence of abnormalities in a third of cases. 27 The presence of an abnormal neurological examination in any case doubled the likelihood of finding an abnormality on computed tomography brain scan. Abnormalities were demonstrated most frequently in patients with secondary partial seizures and with secondary generalised seizures but were rarely seen in children with partial or generalised seizures of primary type. In a more recent study, at a north of England special school for children with epilepsy (and therefore a selected group with chronic epilepsy and with associated handicaps in a proportion), an overall incidence of abnormalities on computed tomography was again found in a third of cases.28 The usual abnormality detected was some degree of generalised or focal cortical atrophy.
MRI and epilepsy
Among the several advantages of MRI compared with computed tomography are higher sensitivity, superior image quality, lack of radiation exposure, and a capacity for multiplanar display. Visualisation of central nervous system anatomy has been revolutionised by MRI because it enables fine detail of the brain to be displayed and is capable of defining subtle abnormalities of the cortical grey matter and hippocampus which are not Developmental abnormalities including neuronal migration disorders, vascular and neoplastic conditions, and, most importantly, hippocampal sclerosis (mesial temporal sclerosis) are the main lesions found. MRI is much more sensitive to the localisation and lateralisation of these lesions than are either conventional scalp EEG or computed tomography scanning.34 This has important implications for the management of this most disabling and chronic form of epilepsy as precise identification and early surgical removal of the offending lesion may cure the epilepsy and also help to prevent the psychiatric, social, and cognitive morbidity of severe uncontrolled epilepsy in childhood.5
Functional neuroimaging The EEG is helpful in diagnosis but is poor at localising functional changes in epilepsy. Computed tomography and MRI provide only structural information. Functional neuroimaging techniques can provide information about regional metabolic activity in the brain. Positron emission tomography (PET) is largely a research tool. Single photon emission tomography (SPECT) uses a gamma camera and is less expensive than PET and more widely available. Both techniques show metabolism and perfusion in the epileptogenic focus to be decreased interictally and ictally increased and many help to localise a focus which is not visible on MRI.35 The recent development of non-invasive functional MRI methods is most exciting as they are capable not only of demonstrating the structure of the brain in fine detail, but also of providing information about the underlying metabolism of brain regions and of revealing the functional activity of the brain with high spatial and temporal resolution.36 They are already being used to study cryptogenic generalised epileptic syndromes such as infantile spasms and LennoxGastaut syndrome in an attempt to locate areas of focal dysfunction which may be amenable to surgical removal. It is important to emphasise that these functional images do not make sense by themselves but only do so in the context of the whole clinical, EEG, neuropsychological, and neuroradiological information about the child.
Indications for neuroimaging
What should the paediatrician regard as indications for neuroimaging when dealing with the problem of an individual child's epilepsy (for most paediatricians, this will mean computed tomography, at least in the first instance)? The following are the main indications:
* A relevant dilemma for paediatricians in this context is whether to choose a computed tomography or MRI scan when evaluating a child with seizures. Although MRI is technically superior to computed tomography, its current cost, lack of availability, and the fact that is a lengthy and rather frightening procedure for a child, prohibit its use as a 'screening' procedure, even if one accepts that it is reasonable to screen for every eventuality. Paediatricians investigating a child with epilepsy may be anxious about missing a progressive and potentially treatable lesion such as a neoplasm. In fact, neoplasms are relatively rare causes of childhood epilepsy as most arise subtentorially and are non-epileptogenic. Nevertheless, deep seated temporal lobe tumours can cause intractable complex partial seizures33 and such tumours may be revealed by MRI, although invisible on computed tomography. If, therefore, the paediatrician remains concerned about the presence of a tumour or other structural lesion after a normal computed tomogram in a child with complex partial seizures, MRI should be obtained. MRI should also be requested when there are equivocal lesions on computed tomography. Attention has already been drawn to the importance of considering patients with refractory seizures for MRI, if available, because of the possible existence of a lesion which may be surgically treatable. Infants with unexplained seizures should be considered for computed tomography, especially if there is a suspicion of non-accidental trauma, as subdural haematoma not infrequently presents in this manner.41
In conclusion, it must be emphasised that the surest means of avoiding error and also the accusation of not having 'done everything' is one which applies to the investigation and management of childhood epilepsy in general, that is, meticulous clinical assessment and regular review of the problem. Only thus can unnecessary and expensive investigative procedures be kept to a minimum. C M Verity 'Most diagnostic investigations are open to abuse, but none more so than the EEG'. (Binnie 1994.1) 'There is considerable debate in the literature about whether all patients with seizures require CT scans.' (Holmes 1989.2) This paper discusses the choice of appropriate investigations for children with seizures and takes the form of a series of questions for which answers are suggested. The word seizure is used rather than fit and the term febrile convulsion rather than febrile seizure. Epilepsy is defined as recurrent (more than one) afebrile seizures.
General considerations WHAT TYPES OF SEIZURE OCCUR IN CHILDHOOD AND WHY DOES IT MATTER?
When considering a general approach to children with seizures it helps to know the frequency of seizure types in the population. The table shows some of the findings of the Child Health and Education Study, which followed up a national cohort of children for the first 10 years of life.3 4 Some of the important observations were as follows: febrile convulsions were relatively common -they affected 2/7% of children. The majority were simple febrile convulsions, but 22% were complex (that is longer than 15 minutes' duration, focal or multiple during one episode of fever). Afebrile seizures were much less common -about 0-4% of children in the study had epilepsy. The commonest afebrile seizure type was tonicclonic, but complex partial seizures were the next and classical childhood absence seizures ('petit mal') were the least common of all (just one child in the cohort).
The cause of seizures and the prognosis varies with the seizure type. When considering appropriate investigations for the individual child it makes sense to consider which seizure types occur most commonly -children with 'blank spells' are more likely to be having complex partial seizures or atypical absences than true 'petit mal' (see the table). Not too soon. The most important step is to obtain a good history. The parents may be able to record attacks at home using their own video. 5 The diagnosis of epilepsy is clinical and should not be made without 'incontrovertible clinical evidence'.6 Such evidence is usually provided by the patient's description and by
